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including a focus lens and a variable power lens; a lens driv-
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ing control portion that moves the variable power lens so as to
have a same magnifying power of images on the image pickup
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IMAGE PICKUP APPARATUS THAT ALLOWS
FOR SHORT-DISTANCE PHOTOGRAPHING

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/531,693, filed Jun. 25, 2012, which claims
benefit of Japanese Application No. 2011-151128 filed on Jul.
7, 2011, the contents of which are incorporated by this refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a photographing apparatus
with a taking lens that allows for short-distance photograph-
ing.

2. Description of the Related Art

In recent years, digital cameras as photographing appara-
tuses which can photograph high-quality still images have
been commercially available. However, in a case where a
subject within a short distance is photographed with a taking
lens used for such a camera, since a depth of field is shallow,
even if focusing is performed on a target part, it is impossible
to obtain an image in which an overall view of a subject to be
photographed is in focus. In particular, in a case of short-
distance photographing, a subject which a photographer
wants to photograph is obvious, so that a high-quality image
in which an overall subject is in focus has been required.

For example, a camera disclosed in Japanese Patent Appli-
cation Laid-Open Publication No. 62-11836 fixes an optical
system, which is a taking lens, with respect to a subject,
photographs a plurality of images with a position of an image
pickup device being changed with respect to the optical sys-
tem, and combines the plurality of images to obtain an image
with large depth of focus.

The camera in Japanese Patent Application Laid-Open
Publication No. 62-11836 changes a position of the image
pickup device with respect to the optical system, which is a
taking lens, photographs a plurality of images with a focal
position to a three-dimensional subject being changed, and
combines the images to obtain an image with large depth of
focus.

SUMMARY OF THE INVENTION

A photographing apparatus according to an aspect of the
present invention includes: a taking lens including a movable
focusing lens; an image pickup portion that converts an opti-
cal image obtained via the taking lens into an image signal; a
movement determining portion that determines movement of
the photographing apparatus in an optical axis direction of the
taking lens; and a recording portion that continuously records
therein a plurality of images obtained by the image pickup
portion with the focusing lens being fixed and with the taking
lens being set to a predetermined focused position with
respect to movement of the photographing apparatus in the
optical axis direction.

Also, a photographing apparatus according to another
aspect of the present invention includes: an image pickup
portion that converts an optical image of a subject formed by
a taking lens into an electronic image; a focused position
setting portion that sets a focused position of the optical
image; a detecting portion that detects a movement amount of
the focused position when the photographing apparatus
moves in substantially an optical axis direction of the taking
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lens with image magnification maintained constant and with
the focused position being held, the position being set by the
focused position setting portion; and a recording portion that
records therein a plurality of images photographed each time
the detecting portion detects movement of the focused posi-
tion by a predetermined amount within a range of a depth of
field.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram schematically illustrating an
electrical system configuration of a camera system according
to a first embodiment of a photographing apparatus of the
present invention;

FIG. 2 is a schematic front view of an image pickup portion
moving mechanism portion;

FIG. 3 is a longitudinal cross-sectional side view of a
primary part of the image pickup portion moving mechanism
portion taken along line A-A in FIG. 2;

FIG. 4 is a longitudinal cross-sectional side view of the
primary part of the image pickup portion moving mechanism
portion taken along line B-B in FIG. 2;

FIG. 5A is a partial front view showing a primary part
structure of a voice coil motor (VCM);

FIG. 5B is a partial longitudinal cross-sectional side view
taken along line C-C in FIG. 5A;

FIG. 6 is a diagram illustrating a movement determining
portion and the like in the first embodiment;

FIG. 7A to FIG. 7C are explanatory diagrams of macro
continuous photographing in the first embodiment;

FIG. 81is an explanatory diagram illustrating how a contrast
value is changed with distance variations occurring when the
camera system is brought closer to a subject in FIG. 7A to
FIG. 7C;

FIG.9A to FIG. 9C are diagrams illustrating a menu opera-
tion screen;

FIG. 10A is a flow chart showing an example of a process-
ing procedure including macro continuous photographing in
accordance with camera control in the first embodiment;

FIG. 10B is a flow chart showing a part of a processing
procedure including macro continuous photographing in a
modification of the first embodiment;

FIG. 11 is a schematic diagram illustrating a position cal-
culating circuit and the like composing a detecting portion in
a camera system according to a second embodiment of the
present invention;

FIG. 12 is a diagram illustrating a general flow of an opera-
tion for, with the camera system of the second embodiment,
sequentially bringing a part of a subject into focus to sequen-
tially record photographed images, and generating a compos-
ite image from the recorded photographed images;

FIG. 13A to FIG. 13C are diagrams explaining output
signals from the circuit composing the detecting portion in
the second embodiment;

FIG. 14 is a diagram illustrating a relationship between a
position of the camera system according to the second
embodiment and depth of field;

FIG. 15 is a flow chart explaining details of a photograph-
ing operation of the camera system according to the second
embodiment;

FIG. 16 is a flow chart explaining details of generation of a
composite image from the recorded photographed images in
accordance with the second embodiment;

FIG. 17 is a flow chart of an operation including ordinary
photographing by the camera system according to the second
embodiment;

FIG. 18 is a flow chart of an operation of autofocus;
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FIG. 19A and FIG. 19B are explanatory diagrams of a
difference in photographing between the present embodiment
and a conventional example; and
FIG. 20 is a flow chart explaining details of a photograph-
ing operation of a camera system according to a modification
of the second embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Now, a photographing apparatus of the present invention
will be described with reference to the drawings. The camera
system described in the present embodiment mounts a driving
apparatus for correcting a camera shake of an image pickup
unit including an image pickup device which obtains an
image signal by photoelectric conversion, and a driving appa-
ratus for detecting a focused point.

The following embodiments will describe an application to
a single-lens electronic camera (digital camera) with an inter-
changeable lens. It should be noted that the present invention
is not limited to the respective embodiments hereinafter
described, and a variety of changes are possible without
departing from the gist of the present invention.

First Embodiment

As shown in FIG. 1, a camera system 10 of the present
embodiment includes a lens unit 200 that is a taking lens and
a body unit 100.

The camera system 10 of the present embodiment, which is
a photographing apparatus, includes the lens unit 200 having
a taking lens for forming an optical image of a subject and a
body unit 200 having an image pickup unit 116 with an image
pickup portion 117 including, for example, an image pickup
device referred to as a charge coupled device (CCD) or a
CMOS sensor.

Hereinafter, a direction from the body unit 100 to a subject
is called “forward,” and the opposite direction is called “back-
ward.” Also, an axis that agrees with an optical axis O1 of an
optical system composing the taking lens in the lens unit 200
is defined as a Z axis, and two axes orthogonal to each other
in a plane orthogonal to the Z axis are defined as an the X axis
(an axis in a horizontal direction) and a Y axis (an axis in a
vertical direction).

First, a detailed configuration of the camera system 10 will
be described.

As shown in FIG. 1, in order to form an optical image of a
subject, a taking lens 202 is installed in the lens unit 200. At
an image formation position of the taking lens 202, the image
pickup portion 117 is installed, which is composed of, for
example, an image pickup device that performs photoelectric
conversion of an optical image, such as a charge coupled
device (CCD) or a CMOS sensor. In this manner, the camera
system 10 is composed.

Also, the camera system 10 includes the body unit 100
having the image pickup portion 117 as well as the lens unit
200 detachably mounted on the body unit 100 and having the
taking lens 202.

In the present embodiment, an operation of the lens unit
200 is controlled by a micro-computer for lens control (here-
inafter, referred to as the “Lucom™) 201 as control means at a
side of the lens unit, disposed in the lens unit 200.

Also, an operation of the body unit 100 is controlled by a
micro-computer for body control (hereinafter, referred to as
the “Bucom™) 101 as control means disposed in the body unit
100 and controlling the entire camera system 10. The Bucom
101 has a function of a control portion 1014 as control means
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of a photographing operation including macro continuous
photographing described later (in a second embodiment,
super-depth photographing).

With the lens unit 200 mounted on the body unit 100, the
Bucom 101 is electrically connected to the Lucom 201 so that
they can communicate with each other via a communication
connector 102. The Lucom 201 is configured to cooperate
with the Bucom 101 in a subordinate manner. Also, via the
communication connector 102, electric power required for
each unit is supplied from a power supply circuit 135 setup in
the body unit 100.

The taking lens 202 includes a focus lens 202a as a focus-
ing lens, the position of which can be changed in an optical
axis direction (the Z axis direction), and a variable power lens
2025 that changes magnification with a changing position.
Both the lenses are held in the lens unit 200.

Also, the taking lens 202 performs focusing by operating
the focus lens 2024 in the optical axis direction and performs
zooming that changes image magnification with a focus posi-
tion substantially constant by moving a position of the vari-
able power lens 2025 in the optical axis direction. The zoom-
ing may also operate both the focus lens 202a and the variable
power lens 2025.

Both the lenses 202a and 2026 may be a single lens or a
plurality of lenses, of course.

In the lens unit 200, an attaching/detaching mechanism is
formed which provides attaching/detaching via a body mount
being not shown and provided at a front side (a subject side)
of the body unit 100 and a lens mount being not shown and
provided at a rear side (image pickup device side) of the lens
unit 200.

The attaching/detaching mechanism adopts bayonet-type
connection, for example. This configuration allows the cam-
era system 10 to exchange the lens unit 200 for various sorts
of'lens units 200 to be mounted having different characteris-
tics, and then perform photographing. For example, a lens for
macro photographing which enables photographing at high
image magnification may be used, or a so-called middle ring
that is mounted between the lens unit 200 and the body unit
100 to enable photographing at higher image magnification
may be mounted.

Also, adiaphragm 203 is disposed on the lens unit 200. The
diaphragm 203 is driven by an actuator such as a stepping
motor, not shown, that is provided in a diaphragm driving
mechanism 205.

On the other hand, the focus lens 202a and the variable
power lens 2025 are driven by an actuator such as a stepping
motor, not shown, that is provided in a lens driving mecha-
nism 204. Positions of the focus lens 2024 and the variable
power lens 2025 of the taking lens 202 are detected by posi-
tion detecting sensors 204a and 2045, respectively and input-
ted into the Lucom 201.

Further, information on a focused distance, a focal length,
and a diaphragm value calculated from the positions of the
focus lens 202a and the variable power lens 2025 and infor-
mation on the lens unit 200 such as depth of field calculated
from a diaphragm value, a focused distance, and a focal
length are inputted into the Bucom 101 via the communica-
tion connector 102.

Itis noted that the position detecting sensors 204a and 2045
may be any sensor which can accurately detect a position,
such as one sensor that detects electrical resistance changing
with the changes of a position, another sensor that detects a
magnetic pattern magnetized to become a magnetic substance
by a Hall element or a GMR (giant magneto-resistance) ele-
ment, or still another sensor that detects an optical pattern
with a light emitting element and a light receiving element.
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As described later, the image pickup portion 117 is held in
the body unit 100 via an image pickup portion moving mecha-
nism portion 159 that moves the image pickup portion 117.
The image pickup portion 117 is, as described above, com-
posed of an image pickup device having a function to perform
photoelectric conversion, such as a CCD or a CMOS sensor.

In the present embodiment, the image pickup unit 116
includes an optical filter 118 and a dustproof filter 119 such as
alow-pass filter, disposed in front of the image pickup portion
117. A piezoelectric element 120 is fit to a peripheral edge of
the dustproof filter 119.

The piezoelectric element 120 is configured to vibrate the
dustproof filter 119 through a dustproof filter control circuit
121 at a predetermined frequency determined by dimensions
and material. The vibrations of the piezoelectric element 120
can remove dust on the dustproof filter 119.

In front of the dustproof filter 119, a shutter 108 having a
structure generally called “focal-plane shutter” is disposed.
Also, in the body unit 100, a shutter charge mechanism 112
for charging a spring that drives a leading curtain and a
trailing curtain of the shutter 108 and a shutter control circuit
113 for controlling movements of the leading curtain and the
trailing curtain are provided.

Noted that the optical filter 118, the dustproof filter 119,
and the shutter 108 are disposed as needed, and the camera
system 10 may not include them.

The image pickup portion 117 is electrically connected to
an image processing portion 126 via an image pickup portion
interface circuit 122 for controlling an operation of the image
pickup portion 117. The image processing portion 126 has a
function for, based on signals photoelectrically converted and
outputted by the image pickup portion 117, generating an
image (signals) to be displayed on a display portion and an
image to be recorded in a recording portion.

The image processing portion 126 is configured to use a
storage area such as an SDRAM 124 or a Flash ROM 125 to
perform predetermined image processing on an image.

In order to perform autofocus using a so-called contrast
detection scheme, the image processing portion 126 calcu-
lates a contrast value in a predetermined region (a focus area)
for a plurality of images generated by vibrating (i.e., wob-
bling movements) the focus lens 2024 or the image pickup
portion 117 in the optical axis direction at a predetermined
amplitude to detect at which of a far side or a near side a focus
position is.

Then, the image processing portion 126 captures (photo-
graphs) images while moving the focus lens 202a in a direc-
tion in which the lens being wobbled focuses, thereby
enabling the detection of a maximum contrast state in the
images as a focus position. The image processing portion 126
stops the focus lens 202a at the focus position, whereby
autofocus (AF) is performed with the taking lens 202.

In this manner, the image processing portion 126 includes
a focus position detecting portion or a focused position
detecting portion 126a that detects a state of a maximum
contrast as a focus position or a focused position (of the taking
lens 202). Also, the Bucom 101 has a function of a focused
position setting portion 1015 that sets the taking lens 202 to a
focused position in response to a detection signal of the
focused position detecting portion 126a.

In a state where a release switch is pressed halfway down,
i.e., a first switch (1st switch) is held ON, autofocus is per-
formed, and the focus lens 2024, the variable power lens
2025, and the image pickup portion 117 are maintained at
their current positions. Then, an image magnification of a
focused position becomes substantially constant, and a plu-
rality of images are photographed in a substantially continu-
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ous manner with positions of the subject and the image pickup
portion 117 being changed. The photographed images are
recorded in a recording medium 127 that is a recording por-
tion.

The image processing portion 126 is electrically connected
with a liquid crystal monitor 123 composing a display portion
disposed on aback of the body unit 100 and can display on the
liquid crystal monitor 123 an image from the image pickup
portion 117 (as a through-the-lens image).

Also, theimage processing portion 126 has a function of an
image combining portion 12654 that cuts out, from the plural-
ity of images recorded in the recording medium 127, image
regions (image areas) having a predetermined contrast and
combines the regions to generate one composite image.

The liquid crystal monitor 123 forming a display portion
also functions as an electronic viewfinder that displays a state
of'photographing composition of the camera system 10 inreal
time. Also, the present embodiment does not have an optical
finder, but an optical finder of a single-lens reflex type may be
provided.

Using the finders, at the time of macro continuous photo-
graphing (macro continuous shooting) or super-depth photo-
graphing, the photographer (user) can check whether a sub-
jectis in focus and check display of an alarm that informs the
user of a photographing abnormality.

Also, as described later, the liquid crystal monitor 123 is
used to display a menu, a photographing mode, and a guide
for, after a position of the focus lens 202a being a focusing
lens is fixed in macro continuous shooting, moving the cam-
era system 10, which is a photographing apparatus.

The recording medium 127 composing a recording portion
is a recording medium such as a flash memory and a hard disk
drive (HDD), and is detachably provided in the body unit 100.
In the recording medium 127, data of an image and the like (in
the case of video, voice is also included) picked up by the
camera system 10 are recorded.

A non-volatile memory 128 is a storage portion including,
for example, an EEPROM in which predetermined control
parameters required to control the camera system 10 are
stored. The non-volatile memory 128 is provided so as to be
accessed by the Bucom 101.

The Bucom 101 is connected with an operation displaying
LED (oran operation displaying [.CD) 130 for outputting and
displaying an operation state of the camera system 10 to the
user, a camera operation switches 131, and a strobe control
circuit 133 that drives an incorporated strobe 132 and an
external strobe, not shown.

The camera operation switch 131 includes, as shown in
FIG. 6, for example, a switch group including operation but-
tons required to operate the camera system 10, such as a
release switch 131¢, a power supply switch (a power switch)
131a, and a menu button a (menu switch) 1315, and a mode
switch 1314' in FIG. 11 as a substitute for the menu button
1315 in FIG. 6.

Further, in the body unit 100, a battery 134 as a power
supply and the power supply circuit 135 are provided; the
power supply circuit 135 converts voltage from the battery
134 into voltage required for each circuit unit composing the
camera system 10 and supplies the units with the voltage.
Also, a voltage detecting circuit (not shown) is provided
which senses voltage variations occurring when current is
supplied from an external power supply via a jack, not shown.

Next, the image pickup portion moving mechanism portion
159 will be described. The portion 159 includes a driving
apparatus 300 used as a camera shake correcting function of
the camera system 10 according to the present embodiment
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The camera system 10 of the present embodiment includes
the image pickup portion moving mechanism portion 159
configured to allow the image pickup portion 117 to move in
the X axis direction, the Y axis direction, and a direction of
rotation around the Z axis in order to correct a camera shake
(camera shaking). Because the camera system 10 holds the
image pickup portion 117 via the image pickup portion mov-
ing mechanism portion 159, the camera system 10 of the
present embodiment can mechanically move the image
pickup portion 117 in the X axis direction, the Y axis direc-
tion, and the direction of rotation around the Z axis so as to
correct a camera shake.

Also, the driving apparatus 300 for correcting a camera
shake, composing the image pickup portion moving mecha-
nism portion 159, uses an X axis actuator 163 and a Y axis
actuator 164 as driving sources and has a moving frame 166
(aholder 145) mounting the image pickup unit 116 including
the image pickup portion 117, as a moving object.

Specifically, the image pickup portion moving mechanism
portion 159 includes an X axis gyro 160, aY axis gyro 161, a
Z axis gyro 170, an X axis acceleration sensor 171, a'Y axis
acceleration sensor 172, a Z axis acceleration sensor 173, a
vibration-proof control circuit 162, the X axis actuator 163,
the Y axis actuator 164, the moving frame 166, a frame 167
that is a fixed frame, a position detecting sensor 168, and an
actuator driving circuit 169.

The moving frame 166 is supported by being pressed on the
frame 167 by a plurality of springs 174 through a plurality of
balls 310 (310a to 310¢ in F1G. 2,and 3105 in F1G. 4), and can
move freely in the XY plane directions. The springs 174 are
helical extension springs in FIG. 1, but any form of mecha-
nism that presses the moving frame 166 on the frame 167 may
be used, such as helical compression springs, plate springs,
and magnetic springs.

Next, the driving apparatus 300 according to the present
embodiment, using an electromagnetic VCM motor as a driv-
ing source, will be described with reference to FIGS. 2 to 5B.

FIG. 2 is a schematic front view showing a configuration
example of the driving apparatus 300 according to the present
embodiment, and FIG. 3 is a cross-sectional side view taken
along line A-A ofthe driving apparatus 300 in FIG. 2 and seen
from a side. FIG. 4 is a cross-sectional side view taken along
line B-B of'the driving apparatus 300 in FIG. 2 and seen from
a side. FIG. 5A is a front view showing a schematic configu-
ration of one VCM portion in FIG. 2 (e.g., lower left one in
FIG. 2), and FIG. 5B is a cross-sectional side view taken
along line C-C in FIG. 5A and seen from a side.

The frame 167, which is a fixed frame, is fixed to the body
unit 100. The holder 145 (being the moving frame 166) that
holds the image pickup portion 117 is supported by the frame
167 so as to be movable in the X axis direction, the Y axis
direction, and the direction of rotation around the Z axis.

The holder 145 is supported in this manner: the three balls
310a, 3105, and 310c¢ held in the frame 167 receive slide
plates B 316a, 3165, and 316¢ set up on the holder 145, and
slide plates A 315a,315b, and 315¢ set up oppositeto the slide
plates B 3164, 3165, 316¢, disposed on the surfaces of the
holder 145, are pressed by presser bar springs 313a,3135, and
313c¢ forming plate springs, onto the balls 310a, 310 b, and
310c via balls 3144, 3145, and 314¢. Note that the presser bar
springs 3134, 3135, and 313¢ are fixed to the frame 167 with
screws 317a, 3175, and 317¢.

Also, the slide plate B 316¢ and the slide plate A 315¢ (not
shown) are symmetrically provided with respect to the slide
plate B 3164 and the slide plate A 3154 in FIG. 2.
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The holder 145 can freely move in a direction in a plane
formed by three points at which the balls 310a, 3105, and
310c¢ are in contact with the slide plates B 3164, 3165, and
316¢ of the holder 145.

Now, first, the VCMs being actuators that drive the holder
145 in directions in the X Y-plane will be described with FIG.
5A and FIG. 5B. FIG. 5A is a front view showing a basic
configuration of a VCM (the moving frame 166 and a yoke 3a
are not shown), and FIG. 5B illustrates a cross-sectional side
view taken along line C-C in FIG. 5A. A coil C1 obtained by
winding a conductive thin line coated and insulated into a
track shape is fixed on the moving frame 166 (the holder 145)
by adhesion or the like.

A plate-like magnet 2 is magnetized in the Y direction to
have an N-pole at a lower side and an S-pole at an upper side
in FIG. 5A and FIG. 5B, and fixed to (the frame 167 shown as)
a fixed frame 5 by adhesion or the like. Also, the plate-like
yokes 3a and 35 formed of magnetic materials are fixed to the
moving frame 166 and the fixed frame 5 by adhesion or the
like with the magnet 2 and the coil C1 sandwiched therebe-
tween to form a closed magnetic circuit so as not to leak lines
of magnetic force generated when a current flows in the
magnet 2 or the coil C1.

In this state, if a current is flowed in the coil C1, since the
current of two straight line portions of the coil C1 is orthogo-
nal to lines of magnetic force of the magnet 2, and the two
straight line portions of the coil C1 have opposite directions
of' the lines of magnetic force and also opposite directions of
the current, force acts in a same direction orthogonal to the
lines of magnetic force and the current, thereby driving a
moving frame 166. If the direction of the current is reversed,
the moving frame 166 is driven in the reverse direction. Also,
force to be generated may be changed with an amount of
current flowing in the coil C1. Note that the yokes 3a and 35
are not necessary if the moving frame 166 and the fixed frame
5 are formed of magnetic materials.

Next, driving of the driving apparatus 300 will be described
with reference to FIGS. 2, 3, and 4. In the driving apparatus
300, a VCM-XA 320q, a VCM-XB 3205, a VCM-YA 321a,
and a VCM-YB 3215 which have the same configuration as
that illustrated in FIG. SA are installed in the manner shown
in FIG. 3. The VCM-XA 320q and the VCM-XB 3205 are
VCMs that generate driving force in the X direction, and the
VCM-YA 3214 and the VCM-YB 3215 are VCMs that gen-
erate driving force in the Y direction.

It should be noted that the coil C1, the yokes 3a and 35, and
the magnet 2 composing the VCM shown in FIG. SA corre-
spond to, for example, in the VCM-XA 320q in F1G. 2 of FIG.
2t0FIG.4,aco0il X 301a,a yoke X 302a (3024a), and a magnet
X 303a. In the VCM-XB 3206, “b” is used in place of “a” in
the VCM-XA 320a.

Also, in the VCM-YA 3214, the coil C1, the yokes 3a and
3b, and the magnet 2 in FIG. 5A and the like correspond to a
co0il YA 3044, a yoke YA 3054 (3054a), and a magnet YA 306a,
and in the VCM-YB 32154, “b, B” is used in place of “a, A in
the VCM-YA 321a.

Also, driving in the direction of rotation around the Z axis
may be achieved by applying different driving forces (in some
case, driving force in the opposite directions) to the VCM-YA
321a and the VCM-YB 3215.

Position control for the holder 145 is performed by the
position detecting sensor 168 (shown in FIG. 1) for detecting
aposition in the X axis direction, the Y axis direction, and the
direction of rotation around the Z axis of the holder 145, and
by the actuator driving circuit 169 (shown in FIG. 1) for
controlling the VCM-XA 320a, the VCM-XB 3205, the
VCM-YA 321a, and the VCM-YB 3215.
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As shown in FIG. 3, a CCD chip 136 composing the image
pickup portion 117 is placed with a flexible substrate 138 at a
center position on a front surface of a fixation plate 137. The
flexible substrate 138 is bent with connection portions 139«
and 1395 toward a back surface to be electrically connected
with connectors 141a and 1415 on the back surface of a main
circuit board 140. An image pickup surface (front surface) of
the CCD chip 136 is guarded by a guard glass 142 fit through
a spacer 143.

The low-pass filter (LPF) 118 is fit to a front surface of the
guard glass 142 via a filter receiving member 144. The LPF
118 is held by the holder 145 provided with an opening for an
outward form of the LPF 118. A front surface of the guard
glass 142 is held while being positioned in contact with a step
portion 147 of the holder 145.

Also, the dustprooffilter 119 is installed in front of the LPF
118 and the periphery of an opening 146 therebetween is
sealed by a sealing material 156.

The dustproof filter 119 is held onto the holder 145 by bolts
150 with the piezoelectric element 120 installed between
receiving members 152 and 153, with both surfaces of the
filter 119 being in contact with the receiving member 152 and
the piezoelectric element 120, and with a front side of a
pressing member 151 pressing the filter 119 backward to a
side of the holder 145. It is noted that a part of the holder 145
behind (at the back of) the dustproof filter 119 forms a dust-
proof filter receiving portion 148 that receives the dustproof
filter 119.

An operation of the image pickup portion moving mecha-
nism portion 159 including the foregoing driving apparatus
300 will now be described. The X axis gyro 160 detects an
angular velocity of rotation movement (shake) around the X
axis of the camera system 10, the Y axis gyro 161 detects an
angular velocity of rotation movement around the Y axis of
the camera system 10, and the Z axis gyro 170 detects an
angular velocity and a center position of rotation of rotation
movement in the XY-plane of the camera system 10.

The X axis acceleration sensor 171 detects acceleration of
the camera system 10 in the X axis direction, and the Y axis
acceleration sensor 172 detects acceleration of the camera
system 10 in theY axis direction. The vibration-proof control
circuit 162 operates a camera shake compensation amount
from the detected angular velocity, the center position of
rotation, and the acceleration of the camera system 10, and
causes the driving apparatus 300 to displace or move the
image pickup portion 117 to compensate the camera shake.

In this manner, to address the case in which a camera shake
occurs, the image pickup portion 117 is displaced or moved so
as to substantially remove an influence by the camera shake
on the image pickup portion 117.

Also, the Z axis acceleration sensor 173 detects accelera-
tion of the camera system 10, being a photographing appara-
tus, in the Z axis direction to output an acceleration signal. In
the present embodiment, the Z axis acceleration sensor 173
has a function of a movement determining portion or a mov-
ing portion for, in response to the detection signal (accelera-
tion signal), determining the movement of the camera system
10, being a photographing apparatus, in the Z axis direction
based on acceleration variations, as described later. Note that
the 7 axis direction of the camera system 10 is the same as that
of the optical axis O1 of the taking lens 202 (see FIG. 1).

As shown in FIG. 6, an acceleration signal in the Z axis
direction detected by the Z axis acceleration sensor 173 is
used by an acceleration detecting circuit 162a in the vibra-
tion-proof control circuit 162 to detect acceleration.

The acceleration is integrated by a velocity calculating
circuit 1625 having an integrator to calculate (operate) the
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velocity at which the camera system 10 moves, and further,
the velocity is integrated by a position calculating circuit 162¢
having an integrator to calculate (operate) a position of the
camera system 10.

The Z axis acceleration sensor 173, the acceleration detect-
ing circuit 162a, and the position calculating circuit 162¢
compose a movement determining portion 162d or a moving
portion that determines the movement of the camera system
10 in the Z axis direction. The movement determining portion
162d or the determining portion, which determines the move-
ment of the camera system 10 in the optical axis direction (the
Z. axis direction), may also be considered to be composed of
the position calculating circuit 162¢ that uses an output signal
from the Z axis acceleration sensor 173.

Without using output signals from the Z axis acceleration
sensor 173, the image processing portion 126 may also form
a determining portion for determining, from an image signal,
the movement in the Z axis direction by using a size change
determining portion 1264 that determines whether or not the
size of an image to be photographed or a profile of a subject in
an image is changed.

Note that in the second embodiment described later, the
position calculating circuit 162¢ composes a detecting por-
tion for detecting a movement amount of a focused position.

The velocity and the position of the camera system 10 in
the Z axis direction are inputted in the Bucom 101 and used to
photograph an image with high image quality and quite large
depth of field, as described later.

It should be noted that in the image pickup portion moving
mechanism portion 159, the VCMs are used as actuators that
move the image pickup portion 117 in the present embodi-
ment, but such actuators are not limited to VCMs, and other
driving means such as a rotary motor, a linear motor, and an
ultrasound motor may also be used.

The image pickup portion moving mechanism portion 159
with such a configuration has a function of a camera shaking
correcting portion that adopts a so-called image pickup
device shifting scheme, i.e., a function for, by moving the
image pickup portion 117 depending on the movement of the
camera shake of the camera system 10, reducing an influence
of the image pickup portion 117 on a subject image to be
photographed, the influence being caused by a camera shake.

Also, because a camera shaking correcting function of the
camera shaking correcting portion corrects a shake of the
camera system 10 in directions other than the Z axis direction,
a movement amount in the Z axis direction can be detected
with higher accuracy. Further, even if the photographer (user)
carries out framing on a subject with a high image magnifi-
cation, a camera shake of the camera system 10 is corrected,
so that the framing is easily enabled.

In this manner, the camera system 10, being a photograph-
ing apparatus, according to the present embodiment is char-
acterized in that the camera system 10 includes: the taking
lens 202 including a movable focusing lens; the image pickup
portion 117 that converts an optical image obtained via the
taking lens 202 into an image signal; the Z axis acceleration
sensor 173 composing the movement determining portion
162d that determines movement of the photographing appa-
ratus in an optical axis direction of the taking lens 202; and the
recording medium 127, being a recording portion that con-
tinuously records therein a plurality of images obtained by the
image pickup portion 117 with the focusing lens being fixed
and with the taking lens 202 being set to a predetermined
focused position with respect to movement of the photo-
graphing apparatus in the optical axis direction.

FIG. 6 illustrates a schematic view of macro continuous
photographing (macro continuous shooting) being performed
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on a flower 11 as a subject, with the camera system 10, FIG.
7A to FIG. 7C schematically illustrate an operation of the
macro continuous shooting performed with the camera sys-
tem 10 being close to the flower, and FIG. 8 illustrates how a
contrast value is changed in the case of FIG. 7A to FIG. 7C.

On a top of the body unit 100, the power supply switch
131a and the release switch 131¢ are provided, and the menu
button 1315 is provided on an upper side of a back. Also, the
menu button 1315 can be operated to select items such as
exposure correction, strobe, white balance (abbreviated as
WB), and macro, as shown in FIG. 9A.

If macro continuous shooting is then performed, once
macro in FIG. 9A is selected, as shown in FIG. 9B, items of
macro OFF, macro, and macro continuous shooting are dis-
played, and macro continuous shooting can be selected to set
a photographing mode of macro continuous shooting.

Also, in FIG. 6, an acceleration signal from the Z axis
acceleration sensor 173 in the body unit 100 is inputted to the
acceleration detecting circuit 162a, and further if the camera
system 10 is moved in the Z axis direction, the position
calculating circuit 162¢ can determine the movement.

Of course, to detect a movement position of the body unit
100 with respect to a subject, means may be used that mea-
sures a distance by emitting ultrasound and light (invisible
light) from the camera to the subject and detecting the ultra-
sound and the light reflected from the subject.

Also, the focused position detecting portion 1264 in the
photographing mode of macro continuous shooting, of the
image processing portion 126 in FIG. 1, detects, as a focused
position, a distance with a maximum contrast value of signals
in an image picked up by the image pickup portion 117 in the
case where the focus lens 2024 is moved in the Z axis direc-
tion (optical axis direction) at the time of first focus adjust-
ment. The Bucom 101 for camera controlling fixes the focus
lens 202a to the position and fixes the taking lens 202 to the
focused position. Namely, the focused position setting por-
tion 1015 ofthe Bucom 101 sets (controls) the taking lens 202
to a predetermined focused position.

Then, as shown in FIG. 7A to FIG. 7C, if the user brings the
camera system 10 in his/her hand closer to the flower 11,
being the subject, as shown in FIG. 8, contrast values sequen-
tially reach peaks at distances at which some parts of the
flower 11 are in focus. The control portion 1014 of the Bucom
101 performs control of photographing continuously at short
time intervals in such a condition where contrast values
sequentially reach peaks, and records a plurality of photo-
graphed images (data) in the recording medium 127, being a
recording portion.

Also, the plurality of images recorded in the recording
portion are superimposed on each other at a position where a
maximum matching degree is achieved, and a composite
image is generated.

The Bucom 101 executes processing of the foregoing
macro continuous photographing and composite image gen-
eration in accordance with a processing procedure of camera
control as shown in FIG. 10A.

Now, the operation of the present embodiment will be
described with reference to FIG. 10A.

Once the camera system 10 is turned on, the body unit 100
and the lens unit 200 become active, and the Bucom 101 inthe
body unit 100 starts camera control.

In step S1, the Bucom 101 determines whether or not the
mode is photographing mode. Since an initial state of the
camera system 10 is the photographing mode, in step S2, the
Bucom 101 displays an image picked up by the image pickup
portion 117 on the liquid crystal monitor 123 as a through-
the-lens image. If in step S1 the photographer selects a play-
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back mode, then the processing shifts to determination as to
the playback mode in step S15.

Next, in step S3, the Bucom 101 determines whether or not
a photographing mode of macro continuous shooting has
been selected (set), and if the photographing mode of macro
continuous shooting has been selected, then the processing
proceeds to step S4.

In step S4, in first focus adjustment operation by the user,
the Bucom 101 moves the focus lens 2024 in the optical axis
direction (the Z axis direction). Then, the Bucom 101 sets
(fixes) the focus lens 2024 to a position where a contrast value
reaches a maximum, and fixes the taking lens 202 to the
focus-adjusted focused position. The camera system 10 may
determine, by image recognition (recognition by color or
profile), the subject focus-adjusted then as the subject in
macro continuous shooting, and in macro continuous shoot-
ing, the fact may be used to sense an abnormality such as a
significant subject shake. As a matter of course, if a subject
shake occurs, the camera system 10 or Bucom 101 instructs
the photographer to carry out photographing of macro con-
tinuous shooting again, as well as the camera system 10 or
Bucom 101 automatically increases the shutter speed and also
sets the higher scan speed of the camera system 10 in macro
continuous shooting.

The step will be explained using FIG. 7A to FIG. 7C. The
first focus adjustment is performed prior to FIG. 7A (the
camera system 10 is more distant from the flower 11 than in
FIG. 7A). Alternatively, as explained in the second embodi-
ment described later, in FIG. 7A and the like, after the focus
is adjusted to set the lens to a predetermined focused position,
once the camera system 10 is set further away from the flower
11 than in FIG. 7A, and then the camera system 10 may be
brought closer to the flower 11 (to perform macro continuous
shooting).

Also, in step S5, the Bucom 101 displays to the user a scan
instruction that is an instruction of a movement direction and
a movement velocity of the camera system 10. For example,
as shown in FIG. 9C, a guide displaying portion 123a of the
liquid crystal monitor 123 displays a guide meaning “please
slowly bring (the camera system) closer.” Also, as a guide, a
speedometer like a velocity indicator of an automobile may
be displayed on the guide displaying portion 123a of the
liquid crystal monitor 123 and a needle for velocity indication
may be held within a predetermined range of the speedom-
eter.

The user slowly brings the camera system 10 closer to the
flower 11 in accordance with the guide display of the guide
displaying portion 123a. In step S6 following step S5, in
response to a determination result from the velocity calculat-
ing circuit 1625 and the position calculating circuit 162¢
about whether or not the velocity and the position have
changed, the Bucom 101 determines whether or not the cam-
era system 10 has been properly scanned (scanning) in the Z
direction. It should be noted that in FIG. 10A, the camera
system is abbreviated as “camera” (the same holds true for
FIG. 10B and FIG. 15 described later).

Inthe case of a determination result that the camera system
10 has been scanned in the Z direction, in step S7, the Bucom
101 causes the image processing portion 126 to detect a
contrast and starts an operation to perform macro continuous
photographing. It is needless to say that the macro continuous
photographing may be started using an operation signal from
other operation members of the camera system 10.

Next, in step S8, the Bucom 101 determines whether or not
the image processing portion 126 has detected a maximum
contrast value in a movement amount within depth of field.
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In an example of FIG. 10A, in the focus adjustment of step
S4, depth of field in a state of a set focused position is calcu-
lated and a maximum contrast value in a movement amount
within the depth of field is detected. Such detection of a
maximum contrast value in a movement amount within depth
of field is not restrictive, and a maximum contrast value may
also be simply detected.

If the image processing portion 126 does not detect the
maximum contrast value, the processing returns to step S6,
and if the image processing portion 126 detects the maximum
contrast value, the processing proceeds to step S9.

The step will be explained using FIG. 7A to FIG. 7C. Ifthe
camera system 10 is brought closer to the flower 11, as shown
in FIG. 7A, at a distance D1 where the taking lens 202 is
focused on a part 11q in the flower 11, the part being closest
to the camera system 10, a contrast value reaches a peak
(maximum) as shown in FIG. 8.

In the step S9, the control portion 101a of the Bucom 101
records the image in which the maximum contrast value has
been detected as shown in FIG. 8, in the recording medium
127 being a recording portion, and records in the recording
medium 127 the maximum contrast value in the image and
information of an image area of the maximum contrast value.

After the processing in step S9, the processing returns to
step S6, and the same operation will be repeated.

For example, in FIG. 7A, with the focus being adjusted at
the distance D1, ifthe user brings the camera system 10 closer
to the flower 11 up to a distance D2, as shown in FIG. 7B, a
contrast value for a part 116 having the distance D1 reaches a
maximum as shown in FIG. 8. Then, at a timing at which the
maximum contrast value has been detected, the control por-
tion 101a of the Bucom 101 records the image and also the
maximum contrast value.

Also, if the user further brings the camera system 10 from
the position in FIG. 7B to the flower 11 up to a distance D3, as
shown in FIG. 7C, a contrast value for a part 11¢ having the
distance D1 reaches a maximum as shown in FIG. 8. Then, at
a timing at which the maximum contrast value has been
detected, the control portion 101a of the Bucom 101 records
the image in the recording medium 127 and also the maxi-
mum contrast value.

In this manner, the user can carry out the macro continuous
shooting operation. Then, if the user stops the scan of the
camera system 10 after bringing the camera into within the
distance D1 at which the flower 11 to be photographed is in
focus, then in step S6, a scan speed being equal to or lower
than a predetermined value is detected; thereby it is deter-
mined that the scan is stopped, and the processing proceeds to
step S10.

In step S10, the Bucom 101 ends the control operation for
macro continuous shooting. Also, the stop of scan may be
determined by output signals from the position calculating
circuit 162¢ indicating that the camera system 10 remains
within a predetermined area for a predetermined time or
longer, or by output signals from the velocity calculating
circuit 1625 indicating that a movement direction of the cam-
era system 10 is reversed. Further, a determination corre-
sponding to the determination of the stop of scan may be
made by operating an operation member of the camera sys-
tem 10. For example, if an OFF operation of the release switch
131c¢ is used, the determination may be more simply and
reliably. The adjustment of exposure in a series of macro
continuous shooting is of course controlled in each shot to
achieve an appropriate exposure for a subject (specifically, a
flower here) that a photographer attempts to photograph.
Also, if an exposure amount is significantly changed while a
series of macro continuous shooting is being performed, an
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exposure abnormality in the scan is displayed on the guide
displaying portion 1234 of the liquid crystal monitor 123.

Next, in step S11, the Bucom 101 causes the image pro-
cessing portion 126 to generate a composite image from the
plurality of images obtained by the macro continuous shoot-
ing and recorded in the recording medium 127. In step S11,
the image processing portion 126 superimposes images adja-
cent to each other of the photographed images at a position
where a maximum matching degree is achieved. As a matter
of course, in order that boundaries of the superimposed areas
are inconspicuous, image processing is performed around the
boundaries so that the images are smoothly combined to each
other. In order to combine images more smoothly, video
photographing described later is also performed during the
macro continuous shooting, and image correction for color,
contrast, noise, and the like may be performed using image
information of video images.

Also, in step S12, the image processing portion 126
employs a maximum contrast part in each image area to
generate one composite image from a plurality of images. In
the example shown in FIG. 7A to FIG. 7C, if the flower 11 is
photographed, the part 114 is employed from the image pho-
tographed and recorded in FIG. 7A, the part 115 is employed
in FIG. 7B, and the part 11c¢ is employed in FIG. 7C to
generate a composite image of the flower 11.

In FIG. 10A, in step S3, if a mode is not the photographing
mode of macro continuous shooting, the current mode is a
normal macro photographing mode, so that in step S13, the
Bucom 101 determines whether or not the release operation is
performed.

If the release operation is performed, in step S14, the
Bucom 101 controls photographing and recording in
response to the release photographing. Specifically, an image
of a timing at which the release operation is performed is
recorded in the recording portion as a photographed image,
and the processing returns to step S1. Also, in step S13, if the
release operation is not performed, the processing returns to
step S1.

Also, in step S1, if a current mode is not the photographing
mode, in step S15, the Bucom 101 determines whether or not
aplayback mode is selected. If the playback mode is selected,
in step S16, the Bucom 101 performs a control operation of
the playback mode, and then the processing proceeds to step
S17.

In step S17, the Bucom 101 determines whether or not an
ending operation such as turning off the release switch 131cis
performed, and if such an ending operation is not done, the
processing returns to step S1, and if such an ending operation
is done, the processing in FIG. 10A is ended.

In the present embodiment having such an operation, by a
simple operation that the camera system 10 is brought closer
to a short-distance subject, a plurality of images, each of
which is focused on some subject part are sequentially and
continuously recorded at each distance. Then, after the pho-
tographing, image areas, each of which is focused on some
part, are superimposed on each other at a position where a
maximum matching degree is achieved, and a high-quality
and very-large-depth-of-field composite image is generated.

Therefore, according to the present embodiment, there can
be provided a photographing apparatus which can easily pho-
tograph an image of a short-distance subject with a high
image quality and large depth of field as well as a composite
image with a high image quality and quite large depth of field
can be easily generated.

Also, according to the present embodiment, with the cam-
era system 10, a photographing apparatus, being fixed to a
focused point state, the camera system 10 is moved toward a
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subject, i.e., in the optical axis direction or the Z axis direc-
tion, and images are sequentially photographed at the state
where maximum contrasts are achieved, and recorded as pho-
tographed images, so that photographed images including
focused points with an image magnification maintained sub-
stantially constant can be simply obtained.

In addition, as a modification of the processing procedure
in FIG. 10A, instead of recording an image as a photographed
image at a position where a maximum contrast is achieved in
FIG. 10A, as shown in FIG. 10B, an image may also be
recorded at each detection (determination) of a predeter-
mined movement amount substantially within a range of
depth of field.

In FIG. 10B, in step S21 following the scan (scanning) of
the camera in the Z direction in step S6, the vibration-proof
control circuit 162 controls the operation of the actuator driv-
ing circuit 169 depending on the presence/absence of camera
shaking and activates (makes active) a camera shake correct-
ing function to correct camera shaking of the image pickup
portion 117. It should be noted that the processing in step S21
may also be executed before step S6.

According to the processing in step S21, even if camera
shaking occurs in a direction other than the Z direction in
which the user brings the camera system 10 closer to the
flower 11, being the subject, influence caused by the camera
shaking on image pickup by the image pickup portion 117 can
be reduced.

In step S7, following step S21, the Bucom 101 causes the
image processing portion 126 to detect a contrast and starts an
operation to perform macro continuous photographing.

Next, in step S22, the Bucom 101 determines whether or
not the camera system 10 has been moved in the Z direction
(direction toward the subject) by a predetermined movement
amount, within the depth of field or at a predetermined con-
trast value (substantially corresponding to around an end of a
range of the depth of field) or more (if the area has such a
contrast value).

The predetermined movement amount is set to be smaller
than about a range (width) of the depth of field in the Z
direction. A setting portion for setting the predetermined
movement amount may be provided to enable the user to
freely set an amount at the time of initial setting of macro
continuous photographing.

If the determination result in step S22 is not satisfied, then
the Bucom 101 returns to the processing in step S6.

On the other hand, if'the determination result in step S22 is
satisfied, then in step S23, the control portion 101a of the
Bucom 101 records an image every timing of the predeter-
mined movement amount described above as a photographed
image in the recording medium 127, being a recording por-
tion.

In other words, within a range of the depth of field, orin a
state having a contrast close to within a range of the depth of
field, for each movement by a predetermined movement
amount in the Z direction, an image is recorded as a photo-
graphed image in macro continuous shooting.

A movement amount detecting portion 101¢ in the control
portion 101a (see FIG. 1) detects a predetermined movement
amount in the Z direction in the following manner. In FIG. 8,
a contrast curve Ca indicates variation characteristics of con-
trast values with respect to distances D observed when, with
a position of the focus lens 202a fixed to a state in which the
part 11a of the flower 11 is in focus, the camera system 10 is
moved in the Z direction to vary the distances D to the flower
11.

In the characteristics Ca, if a distance D from the camera
system 10 to the flower 11 is changed from the distance D1 to
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the distance D2, a contrast value is changed from a peak value
Pa to a small value Pa'. Also, in a contrast curve Cb obtained
by picking up images of the part 115, a position of which is
different from that of the part 11a of the flower 11, being the
subject, if a distance from the camera system 10 to the flower
11 is changed from the distance D1 to the distance D2, a
contrast value is changed from the small value Pb' to a peak
value Pb. This also holds true for a contrast curve Cc of the
part 11c¢. In this manner, in the present embodiment, a move-
ment amount is calculated by monitoring contrast values in a
plurality of regions of a subject.

Then, with a position of the focus lens 202« fixed, a move-
ment amount can be calculated from the characteristics of the
contrast curves Ca, Cb, and the like of different regions with
respect to the distances D from the camera system 10 to a
subject. In the present embodiment, information of charac-
teristics values of contrast curves with respect to the distances
D is pre-stored, for example, in a contrast characteristics
storage portion 1254 of the flash ROM 125. When the move-
ment amount detecting portion 101¢ detects a predetermined
movement amount within a range of the depth of field by
referring to the information of the contrast characteristics
storage portion 1254, the movement amount detecting por-
tion 101c¢ records an image of the timing as a photographed
image in the recording medium 127, being a recording por-
tion.

It should be noted that if the camera is moved by every
predetermined movement amount, a counter 400 (see FIG. 1)
for counting the number of shots (records) of an image may
also be provided in order to continuously photograph and
record a plurality of images. The movement amount detecting
portion 101c¢ of the control portion 101a may refer to a num-
ber counted by the counter 400 to photograph and record
images by, for example, the number of times of photograph-
ing preset by the user in the counter 400.

In the case of such recording, a contrast value may also be
recorded. After the processing in step S23, the processing
returns to step S6, and the same processing is executed. The
other processes are substantially the same as in FIG. 10A.

According to the present modification, the influence
caused by camera shaking on image pickup can be reduced.
Also, according to the present modification, since substan-
tially within the depth of field, an image is recorded by every
predetermined movement amount, (each part of) a subject can
be reliably photographed within a range of the depth of field.

That is, because an image photographed and recorded
within the depth of field and a photographed and recorded
image adjacent to the image have an overlapped part within
the range of the depth of field, also when a composite image
is generated, a high-quality composite image can be easily
generated.

Next, in the same manner as with the first embodiment, a
photographing apparatus will be described which can photo-
graph a high-quality and large-depth-of-field image of a sub-
ject within a short distance.

Second Embodiment

The present embodiment has substantially the same hard-
ware configuration as that of the first embodiment, and pho-
tographing with a high image quality and large depth of field
is performed by a processing procedure slightly different
from that of the macro continuous shooting of the first
embodiment.

FIG. 11 illustrates a schematic view of photographing, for
example, a spherical subject 400 with a camera system 10B
according to the present embodiment. In the camera system
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10B, at the position of the menu button 1315 of the camera
system 10 in FIG. 6, the mode switch 1315' for changing a
photographing mode to perform photographing is provided.

Further, as also illustrated in FIG. 6, acceleration signals
from the Z axis acceleration sensor 173 of the body unit 100
are inputted to the acceleration detecting circuit 162a to
detect the acceleration of the camera system 10B.

The acceleration is integrated by the velocity calculating
circuit 1625 and the position calculating circuit 162¢, each of
which has an integrator. The position calculating circuit 162¢
forms a detecting portion for detecting a movement amount of
a focused position that moves when the camera system 10B
according to the present embodiment is moved in the Z axis
direction.

Also, in the present embodiment, according to the configu-
ration shown in FIG. 1 to FIG. 5B, in the macro continuous
shooting mode (in the present embodiment, a super-depth
mode or a super-depth photographing mode), the focused
position detecting portion 1264 of the image processing por-
tion 126 detects as a focused position a distance at which a
contrast value of signals of images picked up by the image
pickup portion 117 reaches a maximum, in the case where the
focus lens 2024 is moved in the Z axis direction (optical axis
direction).

Also, the focused position setting portion 1016 of the
Bucom 101 holds (fixes) a focused position of the taking lens
202 to the focused position detected by the focused position
detecting portion 1264 (and also fixes a position of the focus
lens 202a) so that the camera system 10B moves in substan-
tially the optical axis direction of the taking lens 202 with an
image magnification maintained constant.

Also in the present embodiment, in a state where an area
has a constant value equal to or greater than a predetermined
contrast, the control portion 101a of the Bucom 101 has a
function of a record control portion that sequentially records
an image as a photographed image each time the detecting
portion detects a predetermined amount of movement of a
focus position to a subject within depth of focus of the taking
lens 202.

The camera system 10B composing a photographing appa-
ratus according to the present embodiment includes: the
image pickup portion 117 that converts an optical image of a
subject formed by the taking lens 202 into an electronic
image; the focused position setting portion 1015 that sets
focused position of the optical image by the taking lens 202;
and the position calculating circuit 162¢ as a detecting portion
that detects a movement amount of the focused position when
the camera system 10B moves in substantially an optical axis
direction of the taking lens 202 with image magnification
maintained constant and with the focused position being held,
the position being set by the focused position setting portion
1014, characterized in that if the detecting portion detects
movement of the focused position by a predetermined amount
within a range of the depth of field, a plurality of photo-
graphed images are sequentially recorded.

In the present embodiment, for example, an operation for
photographing the sphere subject 400 will be described. F1G.
12 illustrates a schematic operation in the present embodi-
ment.

Once the power supply switch 131a of the camera system
10B is turned on and a super-depth photographing mode is set
with the mode switch 1314, as shown in step S41, the Z axis
acceleration sensor 173 operates and detection of a position in
the Z direction starts.

Acceleration signals from the Z axis acceleration sensor
173 are inputted to the acceleration detecting circuit 162a of
the vibration-proof control circuit 162 and A/D-converted.
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Then, offset correction (correction for resetting voltage out-
putted when acceleration is 0, to 0) and gain adjustment
(adjustment of the size of outputted voltage) are performed
and acceleration signals corresponding to the acceleration are
outputted from the acceleration detecting circuit 162a to the
velocity calculating circuit 1625 having the integrator.

The velocity calculating circuit 1625 outputs velocity sig-
nals obtained by the integrator integrating the acceleration
signals to the Bucom 101 and the position calculating circuit
162c¢. The position calculating circuit 162¢ having the inte-
grator outputs position signals obtained by integrating the
velocity signals to the Bucom 101.

FIG. 13A, FIG. 13B, and FIG. 13C illustrate examples of
accelerations, velocities, and positions of the camera system
10B obtained by simulating the case where in position detec-
tion in the Z axis direction of the camera system 10B, the user
moves the camera system 10B in his/her hand in the Z axis
direction (closer to the subject 400).

Although vertical axes of the respective graphs indicate
accelerations, velocities, and positions of final calculation
results, outputs from the acceleration detecting circuit 162a,
the velocity calculating circuit 1625, and the position calcu-
lating circuit 162¢ in FIG. 11 are corresponding voltage sig-
nals.

Next, the operation of the camera system 10B will be
described with reference to FIG. 12. In the super-depth pho-
tographing mode set by the operation of the mode switch
1314', if the power supply switch 131a is turned on, the
detection of a position in the Z direction of the camera system
10B starts (the mode switch 1315' may also be set after the
power supply switch 131a is turned on).

Then, as shown in step S42, if the user operates the release
switch 131¢ and the 1st release switch is turned on, AE
(automatic exposure) in step S43 and AF (autofocus) in step
S44 operate based on a photographed image (through-the-
lens image), a diaphragm of the lens unit 200 and shutter
velocity of the body unit 100 are determined to achieve proper
exposure, a predetermined part of the subject 400 is brought
into focus, and relative positions of the taking lens 202 and the
image pickup portion 117 are determined.

At this time, as shown in step S44, short-distance-side
depth of field AL (the short-distance-side depth of field is a
numerical value smaller than depth of field at an infinite side)
is calculated from a diaphragm value F of the lens unit 200, a
focal length f, and a subject distance L. calculated from a
position of the focus lens 202a.

A range of the depth of field (a width in the Z direction) in
the present embodiment is sum of the short-distance-side
depth of field AL and the infinite-side (far-point-side) depth of
field, and the short-distance-side depth of field AL is substan-
tially %2 of the range of the depth of field. The short-distance-
side depth of field AL in the present embodiment corresponds
to a value of a predetermined amount in the range of depth of
field (predetermined movement amount).

Step S44 shows an image example described below in
which AF is achieved, for example, on around a third photo-
graphed image.

If it is assumed that a diameter of a permissible circle of
confusion is & and x=((L-20)+((L-2)*-412)""%)/2, AL=xf*/
(3Fx+12).

In this state, as shown in step S45, the camera system 10B
is moved away from the subject 400, and the movement is
stopped in a position at which it can be recognized through a
finder (here, an electronic finder) that the subject 400 is out of
focus (i.e., the camera system 10B is moved away until a
distance at which the subject 400 becomes out of focus).
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Then, as shown in step S46, the user operates the release
switch 131c¢ to turn a 2nd release switch on. In response to the
operation, the Bucom 101 starts to record a photographed
image each time the detecting portion detects the movement
by a predetermined amount.

With this state maintained, the user brings the camera
system 10B closer to the subject 400. Then, as shown in step
S47, at a position where a photographed image of the subject
400 achieves a predetermined contrast (or enters the depth of
field to be in focus), the state of a first photographed image is
attained. This image is photographed and recorded (recording
the first photographed image). It should be noted that
although FIG. 12 illustrates an example in which the first
photographed image is not recorded, images may also be
recorded from the first photographed image.

An image is recorded and at the same time, the position of
the camera system in the Z direction is reset to O. Thereafter,
when a position change of the camera system 10B in the Z
direction by the short-distance-side depth of field AL (i.e.,
movement of a focused position by a predetermined amount
within the range of the depth of field) is calculated based on a
detection value from the Z axis acceleration sensor 173, pho-
tographing is performed (recording a second photographed
image). After that, in the same manner, each time the camera
system 10B is displaced by the short-distance-side depth of
field AL in the Z direction, an image is photographed and
recorded. The repetition continues until the 2nd release
switch is turned off.

FIG. 14 is a conceptual diagram illustrating a graph of a
range of depth of field (ranges of short-distance-side depth of
field and infinite-side depth of field) calculated with respect to
each subject distance L based on an F number F of a dia-
phragm, a focal length f, a subject distance L, and a diameter
of'permissible circle of confusion d of the camera system 10B
which are specific, and positional relationship between the
subject 400 and the camera system 10B.

Assume that the F number F=8, the focal length =100 mm,
the subject distance L=500 mm, and the diameter of permis-
sible circle of confusion 8=0.033 mm. The short-distance-
side depth of field AL is assumed to be 1.82 mm. Then, if the
subject 400 is photographed for each movement of AL,
images with about 14 of the ranges of depth of field overlap-
ping with each other are obtained.

It should be noted that the embodiment is not limited to the
case in which images are photographed and recorded so that
about 2 of the ranges of the depth of field overlap, and it is
desirable to photograph and record images so that parts of the
images overlap with each other within at least ranges of depth
offield for each movement by a predetermined amount within
the ranges of the depth of field. That is, if images are photo-
graphed and recorded so that parts of the images overlap
within at least ranges of the depth of field, when two photo-
graphed and recorded images temporally adjacent to each
other are combined, clearly photographed overlapping
regions of the images can be aligned with each other, so that
the images can be easily aligned in image combining. As a
result, the generation of a high-quality and large-depth-of-
field composite image is facilitated.

An in-focus region of each image is cut out by a band-pass
filter that extracts a predetermined spatial frequency, namely,
a higher spatial frequency component from a series of images
photographed and recorded as shown in step S48 in FIG. 12.

Also, since adjacent ones of these images have an overlap-
ping part, the region is detected and the overlapping parts of
the respective images are aligned with each other to combine
the super-depth images of the subject.
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Then, a background image of a last photographed image
(an image obtained by cutting out the super-depth image of
the subject from the photographed image) and the super-
depth image of the subject is combined to obtain an objective
composite image as shown in step S49.

A series of the image processing to generate a composite
image from photographed images may be executed by the
image processing portion 126 in the camera system 10B, or of
course, photographed and recorded image data may also be
transferred to another computer and the other computer may
generate a composite image.

FIG. 15 and FIG. 16 are flow charts showing the operation
of'the camera system 10B. More specifically, FIG. 15is a flow
chart of a photographing mode for obtaining a large-depth-
of-field super-depth image by the camera system 10B, and
FIG. 16 is a flow chart showing processing to combine super-
depth images using the obtained images.

Once the super-depth photographing mode starts, in first
step S51, the Bucom 101 performs the initial setting on sys-
tem start-up. Next, in step S52, the Bucom 101 detects acces-
sories such as the lens unit 200. Also, in step S53, the Bucom
101 detects the state of the operation switches.

Then, in step S54, the Bucom 101 determines whether or
not the super-depth mode is set by an operation switch. If the
super-depth mode is not set, the processing shifts to a process
corresponding to a set mode.

In contrast, if the super-depth mode is set, in step S55, the
Bucom 101 activates the acceleration sensors. The respective
acceleration sensors start their operation to each detect accel-
eration. In step S56, the position calculating circuit 162¢
composing a detecting portion calculates a position of the
camera system 10B by integration particularly using accel-
eration signals from the Z axis acceleration sensor 173.

In step S57, the user turns the 1st release switch on. Then,
in steps S58 and S59, AE (automatic exposure) and AF (auto-
focus) operate and a diaphragm of the lens unit 200 and
shutter velocity of the body unit 100 are determined to
achieve a proper exposure, which leads to a focused point
state where a predetermined area of the subject 400 is in
focus, and thereby relative positions of the taking lens 202
and the image pickup portion 117 are determined.

Also, in step S60, a subject distance L is derived from a
diaphragm value F of the lens unit 200, a focal length f, and a
position of the focus lens 2024, and further, short-distance-
side depth of field AL is derived from the subject distance L by
calculation.

Focusing is performed by driving the focus lens 2024 in
AF, and a position of the focus lens 202« is detected based on
an infinite position of the subject with the position detecting
sensor 204a. The subject distance L used to calculate the
depth of field AL is calculated using the position data and a
focus position displacement amount of the displacement of
the focus lens 202a.

In this manner, after the taking lens 202 is set to a prede-
termined focused position, in step S61, the user moves the
camera system 10B away from the subject 400 to set a posi-
tion of the camera system 10B outside the focused position.
The user can distinguish whether or not the camera system
10B is set outside the focused position by viewing a finder
image to determine whether the entire finder image is unclear.
Of course, being outside the focused position may also be
indicated by displaying a focused position on the finder.

Next, in step S62, the Bucom 101 determines whether or
not a ranging area includes the subject 400 in focus using a
contrast value in AF (by) contrast. A threshold for determi-
nation is set to a level value of the case in which a subject is
outside a range of the depth of field. Then, if a contrast value
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is lower than the threshold, it can be determined that the
subject 400 in focus does not exist.

A ranging area may be an overall region of an image or a
partof animage. Further, a ranging area may be automatically
set or manually set. In the case of the manual setting, an area
broader than a ranging area where AF is firstly performed is
set. Alternatively, when the camera system 10B is displaced
from the subject, areas with maximum contrast values may be
sequentially detected, and ranging areas may be sequentially
shifted to the areas.

If'the determination in step S62 is not satisfied, in step S63,
the user turns the 2nd release switch on. Also, before step S63,
a guide may be displayed for the user to turn the 2nd release
switch on.

After the 2nd release switch is turned on, as shown in step
S64, AE is performed. If an exposure value of the AE in step
S64 is changed from an exposure value of the AE in step S58
by at least a predetermined value, then short-distance-side
depth of field AL is calculated again from the F value of the
diaphragm at the time.

Next, in step S65, the user starts to move the camera system
10B in his/her hand closer to the subject 400 as well as
activates the camera shaking correcting function (into active)
in the same manner as step S21 in FIG. 10B.

Immediately before step S65, the Bucom 101 composing
control means may display a guide about an operation for the
user to move the camera system 10B closer to the subject 400.

Next, in step S66, the Bucom 101 determines whether or
not a contrast of the subject is equal to or greater than a
threshold Ms used for determining whether the subject is
within a range of the depth of field.

The determination as to whether or not a contrast is equal to
or greater than the threshold Ms is made so that a side closest
to the subject 400 comes into focus at the time of photograph-
ing based on the displacement velocity (movement velocity)
of the camera system 10B, a shutter time lag (the time
between a signal of clicking the shutter is generated and the
shutter starts to open), and the short-distance-side depth of
field AL.

That is, because a position of the camera system 10B at
which a contrast of the subject 400 is detected and a position
of'the camera system 10B at which the shutter is clicked vary
depending on those numerical values, a threshold Ms will be
set to a contrast lower than a contrast of a focused point.

If the contrast is not equal to or greater than the threshold
Ms in the determination of step S66, then the processing
returns to step S65. If a determination result indicates that the
contrast is equal to or greater than the threshold Ms, then the
processing proceeds to step S67.

In step S67, photographing is performed and a photo-
graphed image is recorded in the recording medium 127. In
this case, the first photographed image is recorded.

Also, in step S68, reference position information L0 is set
to 0. The reason why the reference position information L.O is
set when the first photographed image is obtained is that
position information of the camera system 10B is obtained at
the start of the photographing, and thereby the position infor-
mation of the camera system 10B is obtained with precision.

In step S69, following step S68, in which the reference
position information L0 is set to O, the position information L,
is detected. Then, the following step S70 determines whether
ornot the portion for detecting a movement amount, being the
position calculating circuit 162¢, has detected a movement
amount corresponding to the short-distance-side depth of
field AL (in other words, a predetermined movement amount
within the range of the depth of field).
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Namely, it is determined whether or not position informa-
tion L.-L.O=AL is achieved. If the short-distance-side depth of
field AL corresponding to the predetermined movement
amount is not achieved, then the processing returns to step
S69. In contrast, if the short-distance-side depth of field AL is
achieved, then the processing proceeds to step S71.

In step S71, the control portion 101a of the Bucom 101
records photograph information (e.g., a frame number of
photographing) and a photographed image in the recording
medium 127. The second photographed image is recorded in
the recording medium 127 and in the following step S72, the
reference position information L.O is set to LO+AL.

Then, in the following step S73, the Bucom 101 determines
whether or not the 2nd release switch is turned off. If the 2nd
release switch is not turned off, then the processing returns to
step S69 and the same operation is repeated. For example,
after the second photographed image is recorded as described
above, a plurality of photographed images, i.e., a third pho-
tographed image, a fourth photographed image, and so on are
sequentially recorded.

Then, if the user determines that a desired photographed
image (subject image) is recorded with the camera system
10B, then the user may turn the 2nd release switch off. If the
2nd release switch is turned off, then further in step S74, the
Bucom 101 determines whether or not a photographing
abnormality is generated. If a photographing abnormality is
not generated, then the processing returns to the first step S51
or the processing in FIG. 15 is ended. In contrast, if a photo-
graphing abnormality is generated, then an instruction of
re-photographing and an alarm are made in step S75. There-
after, the processing returns to the first step S51 and re-
photographing is performed.

For example, if the movement velocity of the camera sys-
tem 10B is so high that image photographing lags behind the
movement, and images enough to combine are not obtained,
or if a clearly large camera shake is generated (which can be
determined by evaluating a detection value from the camera
shake correct mechanism described in the first embodiment),
then a photographing abnormality generated, and after the
photographing ends, an alarm (a beep or display) is given to
make an instruction (voice or display) for re-photographing.

In the re-photographing, if the photographer does not
change the setting of the photographing, a plurality of images
around an image frame in which the photographing abnor-
mality was generated in the previous photographing may be
photographed and recorded.

Also, in the determination of step S62, if the ranging area
includes the subject 400 in focus, then in step S76, an alarm is
given and in step S77, following the alarm, the Bucom 101
determines whether or not the 2nd release switch is turned off.
It the 2nd release switch is not turned off, then the processing
returns to step S61, and if the 2nd release switch is turned off,
then the processing proceeds to step S74.

In the super-depth mode shown in FIG. 15, a plurality of
photographed images required to generate a very-large-
depth-of-field composite image can be acquired by a simple
operation. Because the respective photographed images pho-
tographed and recorded are set within the depth of field for
some region in the subject 400, the region of the images has a
fine image quality, namely, a high image quality.

Next, an operation to generate a composite image from a
plurality of obtained photographed images will be described
with reference to FIG. 16. In the following description, it is
assumed that the number of photographed images is n (a
natural number being 2 or more).

Once the operation for a composite image starts, in step
S814, the image processing portion 126 records (transfers) a
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first photographed image P(1) (in FIG. 16, a photographed
image is simply abbreviated as an image) recorded in the
recording medium 127 into buffer memory, in step S815, the
image processing portion 126 records (transfers) a second
photographed image P(2) into the buffer memory, . . ., in step
S81#, the image processing portion 126 records (transfers) an
n-th photographed image P(n) into the buffer memory.

Next, in step S82, the image processing portion 126
executes band-pass filter processing that passes image signals
of each photographed image P(z) (where z=1, 2, . . . , n)
through a band-pass filter to extract an image region Pb(z) in
focus in each photographed image P(z), and records the
extracted image region in the buffer memory.

Next, in step S83, the image processing portion 126 sets a
processing parameter N to 1. Then, in step S84, the image
processing portion 126 determines whether or not N matches
with n-1.

In this case, since N does not match with n-1, in step S85,
the image processing portion 126 extracts overlapping
regions between image regions of image regions Pb(N) and
Pb(N+1).

Next, in step S86, the image processing portion 126 aligns
the extracted overlapping regions between the image regions
Pb(N) and Pb(N+1) with each other to combine the image
region Pb(N) with the region Pb(N+1), and overwrites the
composite image on the image region Pb(N+1).

Next, in step S87, the image processing portion 126 sets N
to N+1 (in this case, N is 2), and the processing returns to step
S84. Then, in the case of N being 2, the processing of the
foregoing steps S85 to S87 is executed in the same manner. In
this way, the processing in steps S85 to S87 is repeated until
N becomes n-1.

In this manner, an image region in which all the in-focus
image regions are superimposed (i.e., a subject image in
focus) Pb(N) (where N=n-1) is generated. Then, in step S84,
since N matches with n—1, in step S88, the image processing
portion 126 records a subject image Pb(n-1) in focus in the
buffer memory.

Next, in step S89, the image processing portion 126 com-
bines the subject image Pb(n-1) in focus with an (n-1)-th
photographed image P(n-1) and records a resultant compos-
ite image in the buffer memory or the recording medium.
Then, the processing in FIG. 16 is ended, or returns to the first
step S81a to execute the same processing if there is another
photographed image.

According to such an operation, in the super-depth mode, a
high-quality and very-large-depth-of-field composite image
can be easily generated from a plurality of photographed
images.

In FIG. 15 and FIG. 16, the operation of the functions
relating to the super-depth mode in the second embodiment
has been described, and now the operation including the
super-depth mode will be described with a flow chart in FIG.
17.

Once the camera system 10B is turned on, the Bucom 101
starts an operation. Then, in the same manner as in FIG. 15,
the initial setting on system start-up is performed in step
S101, detection of accessories is performed in step S102, and
detection of a state of operation switches is performed in step
S103.

Next, in step 104, the Bucom 101 determines whether or
not a playback button is pressed on. If the playback button is
pressed on, in step S105, a process of playback is executed.

In step S104, if the playback button is not pressed on, or in
step S105, the playback processing ends, then in step S106,
the Bucom 101 determines whether or not a video button is
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pressed on. If the video button is pressed on, then in step
S107, a process to reverse a recording flag is executed.

The video recording state (in which a through-the-lens
image is on the liquid crystal monitor 123) begins. A deter-
mination in step S108 as to whether the state is a video
recording state becomes yes, and step S109 and subsequent
processes are executed. Then, the determination in step S106
as to whether or not the video button is pressed on is made by
loop.

Then, further, if the determination on the video button ON
is yes (the recording button is pressed again), the recording
flag is reversed in step S107 and the video recording state is
ended. In this case, the determination in step S108 as to
whether or not the state is the video recording state is no.

If a determination result in step S108 is the video recording
state, then AE is performed in step S109, video taking is
performed in step S110, AF is performed in step S111, image
processing is performed on the taken video in step S112, and
the image is recorded in the recording portion in step S113.
After step S113, the processing shifts to step S118.

In contrast, if the determination in step S108 is not the
video recording state, in step S114, the Bucom 101 deter-
mines whether the 1st release switch is changed to an ON
state.

Ifthe 1strelease switch is changed to the ON state, then still
image photographing is ready. In step S115, AE is performed,
in step S116, still image photographing is performed and the
photographed image is displayed on a display monitor being
the liquid crystal monitor 123, and in the following step S117,
AF is performed.

In the following step S118, the processing determines
whether or not the power supply is turned off, and if the power
supply is not turned off, then the processing returns to step
S104.

If the 1st release switch is not changed to the ON state in
step S114, then the processing is shifted to step S119, where
the Bucom 101 determines whether the 2nd release switch is
held ON.

If the 2nd release switch is held ON, then a still image is
photographed in step S120, and in step S121, the image
processing portion 126 performs image processing on the
photographed still image. In step S122, the image-processed
still image is recorded and the processing shifts to step S118.
In the still image photographing, if the 1st release remains
ON, the image photographing operation continues and the
display monitor continues to display an image. Each time the
2nd release is turned on, one frame of a still image is photo-
graphed and recorded.

In step S119, also if the 2nd release switch is not held ON,
the processing shifts to step S118, and if the power supply is
turned off, the display monitor goes blank, and the processing
in FIG. 17 is ended.

Also, the AF operation in the present embodiment is as
shown in FIG. 18. Once the AF operation starts, in the first
step S131, the Bucom 101 determines whether or not a cur-
rent state is an AF mode. If a determination result indicates
that the current mode is not the AF mode, the processing shifts
to a process for a non-AF mode.

In contrast, if a determination result indicates that the cur-
rent mode is the AF mode state, then in step S132, the Bucom
101 determines whether or not the current state is an AF start
state. [f the current state is not the AF start state, the process-
ing returns to step S131.

On the other hand, if the current state is the AF start state,
then in step S133, the Bucom 101 executes a wobbling pro-
cess. The wobbling vibrates the focus lens 2024 or a movable
lens composing the taking lens 202 in the optical axis direc-
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tion at a predetermined frequency using drive signals of a
sinusoidal wave. The operation indicates a direction in which
a focused point of a direction where a contrast becomes
higher.

Next, in step 134, the Bucom 101 controls to perform
image photographing, and as indicated in step S135, the
image processing portion 126 detects an image contrast.
Next, in step S136, the image processing portion 126 deter-
mines whether or not the detected contrast is within tolerance
in the AF.

If a determination result indicates that the contrast is not
within the tolerance, then in step S137, the Bucom 101 drives
the focus lens 2024 in a direction in which a contrast becomes
higher, and the processing returns to step S133.

In contrast, if a determination result indicates that the con-
trast is within the tolerance, then in step S138, the Bucom 101
stops the wobbling and ends the AF operation.

The photographing with the super-depth mode according
to the present embodiment and a photographing scheme
according to a conventional example are different as shown in
FIG. 19A and FIG. 19B.

FIG. 19A illustrates how to photograph a short-distance
subject 400 by using the camera system 10B according to the
present embodiment with the taking lens 202 set to a prede-
termined focused point. In this case, in a photographing state
indicated by solid lines, an image of a position (part position)
400q of the subject 400, the position being close to the camera
system 10B, is formed at a position Pa of the CCD chip 136.

If the camera system 10B is then moved toward the subject
400 to a position indicated by dotted lines, an image of the
part position 4005 more distant from an optical axis than the
part position 400a ofthe subject 400 is formed at a position Pb
of the CCD chip 136.

In this way, distances from the optical axis to the positions
Pa and Pb, at which optical images according to the present
embodiment are formed, maintain a relationship that reflects
distances from the optical axis to the part positions 400a and
4005 of the subject 400, namely, the size of the subject.

FIG. 19B illustrates how to photograph the subject 400
according to a conventional example. In the conventional
example, (a focus lens composing) a taking lens in a camera
system is moved to perform photographing.

If'the taking lens is focused on the part position 400a of the
subject 400, an image of the part position 400a is formed at a
position Pa' of a CCD chip as indicated by solid lines.

On the other hand, if the taking lens is focused on the part
position 4005, more distant from the camera system than the
part position 400q, then the taking lens moves to a position
indicated by dotted lines, and an image of the part position
4005 is formed at a position Pb' of the CCD chip as indicated
by dotted lines. In this case, relationship of distances from the
optical axis to the positions Pa' and Pb' does not reflect dis-
tances from the optical axis to the part positions 400a and
4005 of the subject 400.

Namely, in the conventional example, image magnification
of a plurality of photographed images is changed as well as
there arises a case in which a relationship between/among a
plurality of images may reverse sizes at a subject side. There-
fore, if a composite image is generated from a plurality of
photographed images, it is challenging to generate the com-
posite image faithfully reflecting the size of the subject.

In contrast, according to the camera system 10B of the
present embodiment (or according to the camera system 10 of
the first embodiment), as illustrated in FIG. 19A, since a
plurality of images are photographed with the size of the
subject being reflected, for example, with image magnifica-
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tion being maintained constant, a composite image that
reflects the size of the subject can be easily generated.

Therefore, according to the present embodiment, a plural-
ity of high-quality and large-depth-of-field images of a short-
distance subject can be easily photographed, and a high-
quality and very-large-depth-of-field composite image can be
easily generated from the photographed images. Also, an
influence on image pickup can be reduced by camera shaking
correction.

Modification of Second Embodiment

FIG. 20 represents a sequence of the camera system 10B
according to a modification of the second embodiment. A
configuration of the camera system 10B according to the
present modification is substantially the same as that of the
second embodiment. Note that in the present modification,
the lens driving mechanism 204 in FIG. 1 forms a focused
position moving portion 204¢ that moves at least a part of
lenses composing the taking lenses 202 in substantially the
optical axis direction with a focused position and image mag-
nification being maintained constant.

It should be noted that not only the taking lens 202, but also
the image pickup portion 117 or an image pickup device may
be moved in the optical axis direction with a focused position
and image magnification being maintained constant, to com-
pose a focused position moving portion. Because the others
are the same as those in the second embodiment, a description
thereof will be omitted.

The present modification is different from the second
embodiment in that for example, a focal position of the sub-
ject 400 is changed by displacing the focus lens 202a instead
of moving the camera system 10B toward the subject 400.
Thus, for example, the camera system 10B may be fixed to a
tripod to eliminate the need for shake correction, and it is also
not necessary to detect a position of the camera system 10
from the Z axis acceleration sensor 173.

However, if focusing is performed by displacing the focus
lens 2024, since magnification of an image (more precisely,
lateral magnification, obtained by dividing the size of a ver-
tical optical image from the optical axis by the size of subject)
is changed, in order not to change lateral magnification of the
image, zooming is carried out by displacing the variable
power lens 2025.

Here, lateral magnification [ of the image is calculated
from a focal length f ofthe lens unit 200 and a subject distance
L by the following equation.

B=A(Z-20+(L-2/7-4/)"?)2)

Specifically, if it is assumed that a focal length =100 mm,
a subject distance L=500 mm to 510 mm, and change in
lateral magnification of an image focused only by focus is
observed, then the magnification varies from 0.382 times to
0.366 times. Now, the lateral magnification § of the image is
corrected by zooming. For example, by setting a focal length
=102 mm, when a subject distance [.=510 mm, the lateral
magnification f§ of the image becomes 0.382 times, which is
equal to §§ of the case where a subject distance [L.=500 mm.

If magnification changing by the zooming is not per-
formed, in this example, the image size is difterent by as much
as 4% in contemplation of a magnification ratio, and thus
image composition will become complex as well as an image
quality will be degraded. Note that in this case, short-dis-
tance-side depth of field AL will be changed at each focus
position, so that it is better to use AL (L) calculated depending
on a subject distance L.
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The processing of FIG. 20 now will be described. Because
the processing of FIG. 20 is similar to that in FIG. 15, only
different parts will be described. The steps S51 to S54 in FIG.
20 is the same processing as that in FIG. 15, and the process-
ing of the steps S57 to S60 identical to that in FIG. 15 is
executed without carrying out the steps S55 and S56 in FIG.
15.

Also, in FIG. 20, after step S60, instead of executing the
process of step S61 in FIG. 15, in step S91, the image pro-
cessing portion 126 (or the Bucom 101) calculates a lateral
magnification [} of the image, thereafter moving a focus posi-
tion by focusing to attain the lateral magnification [ of the
image by zooming in step S92.

After the process of step S92, the processes of steps S62 to
S64 are executed in the same manner as in FIG. 15.

In step S93, following the processing of step S64, the focus
position is moved by the focus lens 202a, and the lateral
magnification f of the image is adjusted by zooming of the
variable power lens 2025. After the processing of step S93,
the processing of steps S66 and S67 is executed in the same
manner as in FIG. 15.

After the processing of step S67, instead of the processing
of step S68 in FIG. 15, in step S94, the Bucom 101 sets a
subject distance L to the reference position information LO.
Also, next, in step S95, the Bucom 101 executes the same
processing as that of step S92. In step S96, following the step
S95, the position detecting portion detects a subject distance
L and in addition, the image processing portion 126 calculates
AL.

After the processing of step S96, the processing of step S70
is executed in the same manner as in FIG. 15. In step S70, if
L-L0 does not match with AL, then the processing returns to
step S94. In contrast, if L-L.O0 matches with AL, then the
processing proceeds to step S71.

Also, after step S71, the processing of steps S72 and S73 is
performed, and if the 2nd release switch is not turned off in
step S73, then the processing returns to step S96. In contrast,
if the 2nd release switch is turned off, then the processing
proceeds to step S74. The processing subsequent to step S74
is the same as that in FIG. 15.

According to the present modification, since the lateral
magnification [ of the image is adjusted to sequentially pho-
tograph a plurality of images, as in the second embodiment, a
plurality of photographed images required to generate a high-
quality and very-large-depth-of-field composite image can be
obtained with a simple operation.

It should be noted that the processing shown in FIG. 16 is
applied to the images photographed in the super-depth mode
of FIG. 20, and thereby a high-quality and very-large-depth-
of-field composite image can be generated.

In the description of the above-described embodiments and
modification, although image photographing has been per-
formed for each predetermined depth of field AL, a photo-
graphed image recording method may also be adopted for
performing photographing until the 2nd release switch is
turned off with a maximum number of continuous shooting
frames of the camera systems 10 and 10B, thereafter extract-
ing and recording an image for each short-distance-side depth
of field AL.

In this case, each photographed image which is not
recorded yet and focus position information (a subject dis-
tance L and the like) may be recorded in association with each
other.

As described above, in the first or the second embodiments
and the like, it has been explained that a very-large-depth-of-
field composite image can be generated, but (like short-dis-
tance-side depth of field AL) if the number of photographed
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images recorded for each movement by a predetermined
movement amount AL' within the range of the depth of field
(or a total amount of movement of AL') is equal to or greater
than a threshold, then the size of some of the plurality of
photographed images may be corrected and a composite
image may be generated. For example, the size correcting
portion 126¢ (see FIG. 1) for correcting the size of a photo-
graphed image may be provided in the image processing
portion 126. The size correcting portion 126¢ may also be
provided in the image combining portion 1265. Alternatively,
the size correcting portion 126¢ may be provided outside the
image processing portion 126.

Specifically, if a cylindrical subject installed on, for
example, a horizontal plane so as to form an angle with the Z
axis direction is photographed while the camera system 10 or
10B is approaching the cylindrical subject, then each part of
the cylinder is sequentially recorded as a photographed image
for each predetermined movement amount AL'. In this man-
ner, when the recorded photographed images are combined as
described above, even if a value of the depth direction (Z
direction) of each part of the cylinder (i.e., a distance) is
changed, since a composite image in which the sizes of the
respective cylinder parts are the same is obtained, the sizes of
the photographed images are allowed to be corrected depend-
ing on values in the Z direction to generate a more natural
composite image.

Specifically, size of a photographed image recorded firstly
atasubject distance L and at a focal length f of the taking lens
202 is defined as reference size 1 without size correction (not
limited to the case where the size of a first photographed
image is reference size), and size of a photographed image
recorded secondly is corrected to be an image formed as if a
subject distance is L+AL' (i.e., corrected to size of 1-ALYL).

Size of a second or later, for example, a j-th recorded
photographed image is corrected so as to correspond to the
case where subject distance L+(j—1)AL' (i.e., corrected to the
size of 1-(j—1)AL'/L). If the number of photographed sheets
is equal to or greater than a threshold Th, such size correction
may be made, or if the number of photographed sheets is
lower than the threshold Th, such size correction may not be
made. Also, size correction may be made on a photographed
image having (an absolute value of) a size correction amount
equal to or greater than a threshold, and such size correction
may not be made on a photographed image having a size
correction amount lower than the threshold.

Further, if a composite image is generated, the user may
also decide whether to carry out size correction. It should be
noted that if the size correction is carried out, the correction is
not limited to the case of the above-described values. For
example, if size of a j-th recorded photographed image is
corrected, with a correction parameter being k, correction
may be made like this: 1-k(j—1)AL'/L. Here, k may be a range
including 1, for example, about 0.5<k<2.

The respective steps of the process procedures in the
above-described respective embodiments or modifications
may be executed in changed order, may be executed at the
same time, or may be executed in different order, unless such
changes are contrary to the nature of the processing. Also, a
variety of functions with the above-described Bucom 101
may be configured by hardware such as a dedicated electronic
circuit and a device.

Also, an embodiment conceived by partially combining the
above-described respective embodiments, modifications, and
the like also belongs to the present invention.
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What is claimed is:

1. An image pickup apparatus that allows for short-distance

photographing, the apparatus comprising:

a photographing lens portion including a focus lens and a
variable power lens;

a lens driving portion that drives the photographing lens
portion;

an image pickup device that converts an optical image of a
subject obtained via the photographing lens portion
driven by the lens driving portion into an image signal;

a recording medium that records images obtained by the
image pickup device;

a driving control actuator that moves the variable power
lens so as to have a same magnifying power of images on
the image pickup device at a plurality of focused posi-
tions when the focus lens is driven by the lens driving
portion;

a controller that causes the image pickup device to con-
tinuously pick up a plurality of images at a same mag-
nification at the plurality of focused positions and causes
the recording medium to store the plurality of images
continuously picked up by the image pickup device; and

an image combining processor that cuts out an image area
having a predetermined contrast from each of the plu-
rality of images at the same magnification recorded in
the recording medium and generates on composite
image.

2. The image pickup apparatus according to claim 1,

wherein
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the image combining processor causes the image pickup
device to continuously pick up the plurality of images at
a timing when a maximum contrast value is detected.

3. The image pickup apparatus according to claim 2,
wherein

the controller causes the recording medium to also record

respective maximum contrast values of the images con-
tinuously picked up by the image pickup device when
the controller causes the recording medium to store the
images continuously picked up by the image pickup
device.

4. The image pickup apparatus according to claim 1, fur-
ther comprising a movement determining portion that deter-
mines whether or not the subject is moving toward the image
pickup apparatus based on an output of the image pickup
device, wherein

the plurality of focused positions are either in a direction in

which the subject approaches the image pickup appara-
tus or in a direction in which the subject is distanced
from the image pickup apparatus.

5. The image pickup apparatus according to claim 4,
wherein

the controller causes the recording medium to record the

images obtained by the image pickup device, each time
the movement determining portion determines that the
movement of the subject is within a depth of field of the
photographing lens portion.
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